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Abstract 
 
This thesis focuses on the development of latex agglomerated ion-exchange 
materials for applications in capillary ion chromatography (IC). The 
continuous rod, monolithic polymer columns were predominantly synthesised 
in-situ in micro-format – within capillaries of 1 mm internal diameter and 
below - useable in traditional as well as current high-end capillary IC 
instruments. Recent developments in monolithic stationary phases for the 
fast analysis of inorganic ions and other small molecules in IC and capillary 
electrochromatography (CEC) concentrate in particular on the properties of 
organic (polymer) monolithic materials and inorganic (silica-based) monoliths 
and specific applications. 
The project path has encompassed fabrication, characterisation and 
chromatographic investigation of monolayer AS18 latex-coated, sulfonated 
poly(chloromethylstyrene-co-divinylbenzene) (poly(CMS-co-DVB)) monoliths 
and their commercial counterpart – the Dionex IonswiftTM Max Series. 
Subsequent to the synthesis work, the non-destructive morphology and 
capacity assessment by capacitively-coupled contactless conductivity 
detection (C4D) and the comprehensive study of this technique in relation to 
methacrylate based, strong anion-exchanger (SAX) polymer monoliths in 
capillary format revealed the potential and shortfalls of the detection 
technique to predict monolithic column performance. Monolayer latex-coated, 
functionalised poly(CMS-co-DVB) monolithic porous polymer scaffolds were 
measured with capacities of 34 µequiv/g and plate heights of 26,000 
plates/m. The direct surface functionalised (non-coated) SAX version 
exhibited values in both capacity and plate number more than double in 
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magnitude, which is ascribed to the actual surface and pore morphology of 
the polymer materials with different levels of hydrophobicity. 
C4D was used to non-invasively evaluate the internal make-up of the 
capillary columns, consisting of a combination of morphology and surface 
chemistry. Measurements were made by scanning the conductance of the 
mobile phase filling the pores of the substrate, with and without the surface 
functional conductivity of the scaffold, over the length of the capillary section 
using an automated, motorized stage. The findings were well matched with 
scanning electron microscopy (SEM) images of the capillary cross-sections 
at discrete locations and further confirmed with chromatographic testing, 
such that higher conducting, smooth profile yielding columns were 
predictably exhibiting better separation performance over versions that 
yielded more irregular conductivity profiles. 
The extension of this work on latex-coated, functionalised poly(CMS-
co-DVB) monoliths in capillary format to coatings with differently sized AS11 
latex particles showed that the extent and type of coating are of lower 
influence on the chromatographic performance in comparison to well defined, 
uniformly porous morphology of the polymer substrate. Other material 
surface effects, such as gel porosity and the level of hydrophobicity in 
relation to the eluents and solvents used, appear to have significant effects 
on both the synthesis process and the final column chromatographic 
performance. 
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Glossary of Terms 
 
Symbol Quantity Unit 
i.d. Internal diameter of capillary µm 
o.d. Outer diameter of capillary µm 
G Conductance S 
I Electric current A 
V  Applied voltage V 
Z Impedance  
   
Abbreviation   
ACN  Acetonitrile  
AIBN 2,2’-azobisisobutyronitrile  
AMPS 2-acrylamido-2-methyl-1-propane-sulphonic acid  
BET Brunauer-Emmet-Teller model (surface area by N2 Adsorption)  
BJH Barret-Joyner-Halenda model (surface area by N2 Adsorption)  
BuMA Butyl methacrylate  
C4D Capacitively Coupled, Contactless Conductivity Detection  
CEC Capillary Electrochromatography  
CLD Chord Length Distribution   
CLSM Confocal Laser Scanning Microscopy  
CMS Chloromethylstyrene   
CTAB Cetyltrimethylammonium bromide  
DDAB Didodecyldimethylammonium bromide  
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DDMAU N-dodecyl-N,N-(dimethylammonio)undecanoate  
DCM Dichloromethane  
DCE 1,2-dichloroethane  
DMA Dimethylamine  
DMPAP 2,2-dimethoxy-2-phenylacetophenone  
DOSS Dioctylsulfosuccinnate  
DVB Divinylbenzene  
EPMA Electron Probe Micro-Analysis  
EDAX Energy Dispersive X-ray spectroscopy (Elemental Analysis)   
EDMA Ethyl dimethacrylate  
EOF Electro Osmotic Flow  
GMA Glycidal methacrylate  
GNP Gold Nanoparticle  
HAuCl4 Chloroauric acid  
IC Ion Chromatography  
ICP Inductively Coupled Plasma  
IDA Iminodiacetic acid  
META 2(methacryloyloxl)ethyl trimethylammonium chloride  
MIP Mercury Intrusion Porosimetry  
MIR Mid-Infrared Spectroscopy  
MOAC Metal Oxide Affinity Chromatography   
MVA Multivariate Data Analysis  
MWNT Multi Walled (Carbon) Nanotubes  
NIR Near-Infrared Spectroscopy  
NMR Nuclear Magnetic Resonance  
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ODS Octadecylsilyl  
PAHs Polycyclic Aromatic Hydrocarbons  
PDDAC Poly(diallyldimethylammonium chloride)  
PEI Polyethyleneimine  
PEM Polyelectrolyte Multilayers  
RD-MRI Remotely Detected Magnetic Resonance Imaging  
RP Reversed Phase  
RSD Relative Standard Deviation  
SAX Strong Anion Exchanger  
SDS Sodium dodecylsulfate  
SEM Scanning Electron Microscopy  
SPM 3-sulfopropylmethacrylate  
sC4D Scanning C4D  
SWNT Single Walled (Carbon) Nanotubes  
TEM Transmission Electron Microscopy  
THF Tetrahydrofuran  
 
 
      
 11 
 
Publications 
 
Review: Monolithic stationary phases for fast ion chromatography and 
capillary electrochromatography of inorganic ions 
David Schaller, Emily F. Hilder and Paul R. Haddad 
J. Sep. Sci. 2006, 29, 1705 - 1719. 
 
Monoliths for fast Ion Chromatography 
Mr David Schaller, Dr Emily F. Hilder and Prof. Paul R. Haddad  
GIT Laboratory Journal  2006, 6, 2 - 3. 
 
Development of novel polymer monoliths for fast ion chromatography (IC) – 
David Schaller, Joseph P. Hutchinson, Emily F. Hilder and Paul R. 
Haddad - HPLC 2006, San Francisco, US – (Poster). 
 
Development of novel polymer monoliths for fast ion chromatography (IC) - 
David Schaller, Joseph P. Hutchinson, Emily F. Hilder and Paul R. 
Haddad -  29th Australasian Polymer Symposium February 2007 
Hobart, Tasmania – (Poster). 
 
Development of novel polymer monoliths for fast ion chromatography (IC) - 
David Schaller, Joseph P. Hutchinson, Chris Evenhuis, Emily F. Hilder 
and Paul R. Haddad – RACI R&D Topics Adelaide 2007- Oral (3rd Prize). 
  
      
 12 
 
Table of Contents 
	  
Abstract ........................................................................................................... 6	  
Glossary of Terms ........................................................................................... 8	  
Publications ................................................................................................... 11	  
Table of Contents .......................................................................................... 12	  
1.	   Introduction and Literature Review ......................................................... 15	  
1.1	   Monolithic silica stationary phases ................................................... 20	  
1.1.1	   IC on modified commercial columns .......................................... 22	  
1.1.2	   CEC using surface modified sol-gel silica monoliths .................. 28	  
1.1.3	   Summary and discussion ........................................................... 30	  
1.2	   Monolithic polymer stationary phases ............................................... 34	  
1.2.1	   Micro-IC ...................................................................................... 38	  
1.2.2	   CEC – Capillary Electrochromatography ................................... 43	  
1.2.3	   Summary and Discussion .......................................................... 44	  
1.3	   Improving polymer monoliths for better separations: ........................ 45	  
1.3.1	   Reduction in polymerisation time ............................................... 45	  
1.3.2	   Hypercrosslinking ....................................................................... 49	  
1.3.3	   Nanoparticle coatings ................................................................. 51	  
1.4	   Current methods of quality control and characterisation .................. 56	  
1.4.1	   C
4
D ............................................................................................. 57	  
1.4.2	   Fourier Transform near-infrared (FT-NIR) diffuse reflective 
spectroscopy .......................................................................................... 63	  
1.4.3	   Confocal Laser Scanning Microscopy (CLSM) .......................... 65	  
1.4.4	   Transmission Electron Microscopy (TEM) ................................. 67	  
1.4.5	   Remote flow detection by NMR .................................................. 69	  
1.5	   Summary and Discussion ................................................................. 70	  
1.6	   General Conclusions ........................................................................ 73	  
1.7	   Aims of this project ........................................................................... 75	  
2	   General Experimental .............................................................................. 77	  
2.1	   Instrumentation ................................................................................. 77	  
2.1.1	   Porosimetry and Surface Area Analysis ..................................... 78	  
2.1.2	   Scanning Electron Microscopy ................................................... 78	  
2.2	   Reagents .......................................................................................... 79	  
Table 2.1:  Chemicals used to modify capillaries and monoliths ........... 79	  
Table 2.2:  Chemicals used as analytes and eluents ............................ 80	  
Table 2.3:  Chemicals used for monolith polymerisation ....................... 80	  
      
 13 
 
2.3	   Procedures ....................................................................................... 81	  
2.3.1	   Electrolyte and standard preparation ......................................... 81	  
2.3.2	   Measurement of ion-exchange capacity .................................... 82	  
2.3.3	   Capillary surface modification procedure ................................... 82	  
2.4	   Preparation of monomer solutions .................................................... 83	  
2.4.1	   Monomer purification ................................................................. 83	  
2.4.2	   Monolithic column synthesis ...................................................... 84	  
3	   AS18 latex-coated polymer monolith capillary columns .......................... 85	  
3.1	   Introduction ....................................................................................... 85	  
3.2	   Experimental Section ........................................................................ 88	  
3.2.1	   Apparatus ................................................................................... 88	  
3.2.2	   Chemicals .................................................................................. 88	  
3.2.3	   Post-modification of CMS/DVB type monoliths .......................... 89	  
3.2.4	   Coating of CMS/DVB type monoliths ......................................... 89	  
3.2.5	   Preparation of Porous Polymer Monoliths ................................. 90	  
3.2.6	   Monolith comparison table ......................................................... 91	  
3.2.7	   Measurement of Ion-exchange Capacity ................................... 91	  
3.3	   Results and Discussion .................................................................... 92	  
3.3.1	   Surfactant coated polymer monolithic substrates ...................... 92	  
3.3.2	   Sulfonated PS/DVB type monoliths ........................................... 94	  
3.3.3	   Reactive surface post-modification ............................................ 97	  
3.3.4	   Anion separation using a Dionex µHPLC system .................... 101	  
3.3.5	   Column Characterisation ......................................................... 103	  
3.4	   Conclusions .................................................................................... 107	  
4	   Non-invasive inspection of columns using C4D ..................................... 110	  
4.1	   Introduction ..................................................................................... 110	  
4.2	   Experimental ................................................................................... 113	  
4.2.1	   Instrumentation ........................................................................ 113	  
4.2.2	   Chemicals ................................................................................ 115	  
4.2.3	   Reactive post-modification solution ......................................... 115	  
4.2.4	   Monolith comparison table ....................................................... 115	  
4.2.5	   Preparation of polymer monolith capillary column ................... 116	  
4.2.6	   Surface Modification of Porous Polymer Monoliths ................. 117	  
4.3	   Results and discussion ................................................................... 118	  
4.3.1	   C4D scanning setup ................................................................. 118	  
4.3.2	   Theoretical Model .................................................................... 121	  
4.3.3	   Experimental Validation ........................................................... 132	  
      
 14 
 
4.3.4	   Scanning Porous Polymer Substrates ..................................... 137	  
4.4	   Conclusion ...................................................................................... 151	  
5	   Monolith coating using differently sized AS11 latexes .......................... 154	  
5.1	   Introduction ..................................................................................... 154	  
5.2	   Experimental ................................................................................... 157	  
5.2.1	   Instrumentation ........................................................................ 157	  
5.2.2	   Chemicals ................................................................................. 158	  
5.2.3	   Monolith Column Composition ................................................. 158	  
5.3	   Results and Discussion .................................................................. 159	  
5.3.1	   AS11 - 54 nm latex-coated capillary columns .......................... 167	  
5.3.2	   AS11 - 75 nm latex-coated capillary columns .......................... 177	  
5.3.3	   AS11 – 170 nm latex-coated capillary columns ....................... 181	  
5.3.4	   AS11 latex mixture coated capillary columns ........................... 187	  
5.3.5	   Column performance summary ................................................ 191	  
5.3.6	   Conclusion ............................................................................... 192	  
6	   General Discussion ............................................................................... 194	  
7	   Conclusion and Future Directions ......................................................... 201	  
7.1	   Further work .................................................................................... 202	  
7.2	   Future predictions ........................................................................... 204	  
8	   References ............................................................................................ 208	  
 
  
